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ABSTRACT

A process for forming a multi-level positive working
photosensitive element. One forms a composition con-
taining an alkali soluble resin, an o-quinonediazide coms-
pound and an in-situ generated acid catalyzed cross-
linker in a solvent mixture. After coating on a substrate,
drying and partially cross-linking the first layer, a sec-
ond positive working light sensitive layer is applied.
Each light sensitive layer is activated by u.v. radiation
in different parts of the spectrum. The top layer is im-
agewise exposed and developed to form a mask. The
second layer is flood exposed through this mask and
developed. Each development is conducted with an
aqueous alkaline solution.

16 Claims, No Drawings
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POSTIVE WORKING MULTI-LEVEL
PHOTORESIST

BACKGROUND OF THE INVENTION

The present invention relates generally to radiation
sensitive photoresist compositions and particularly to
compositions containing aqueous alkali soluble resins
together with naphthoquinone diazide sensitizing
agents.

It is well known in the art to produce positive photo-
resist formulations such as those described in U.S. Pat.
Nos. 3,666,473, 4,115,128 and 4,173,470. These include
alkali-soluble phenol-formaldehyde novolak resins to-
gether with light-sensitive materials, usually a substi-
tuted diazonaphthoquinone compound. The resins and
sensitizers are dissolved in an organic solvent or mixture
of solvents and are applied as a thin film or coating to a
substrate suitable for the particular application desired.

The resin component of these photoresist formula-
tions is soluble in aqueous alkaline solutions, but the
naphthoquinone sensitizer acts as a dissolution rate in-
hibitor with respect to the resin. Upon exposure of
selected areas of the coated substrate to actinic radia-
tion, however, the sensitizer undergoes a radiation in-
duced structural transformation and the exposed areas
of the coating are rendered more soluble than the unex-
posed areas. This difference in solubility rates causes the
exposed areas of the photoresist coating to be dissolved
when the substrate is immersed in an alkaline develop-
ing solution while the unexposed areas are largely unaf-
fected, thus producing a positive rehief pattern on the
substrate.

In most instances, the exposed and developed photo-
resist on the substrate will be subjected to treatment by
a substrate-etchant solution. The photoresist coating
protects the coated areas of the substrate from the etch-
ant and thus the etchant is only able {o etch the un-

coated areas of the substrate, which in the case of a
positive photoresist, correspond to the areas that were

exposed to actinic radiation Thus, an etched pattern can
be created on the substrate which corresponds to the
pattern on the mask, stencil, template, etc., that was
used to create selective exposure patterns on the coated
substrate prior to development.

The relief pattern of the photoresist on the substrate
produced by the method described above is useful for
various applications including as an exposure mask or a
pattern such as is employed in the manufacture of minia-
turized integrated electronic components.

The properties of a photoresist composition which
are important in commercial practice include the pho-
tospeed of the resist, development contrast, resist reso-
lution, and resist adhesion.

Resist resolution refers to the capacity of a resist
system to reproduce the smallest features from the mask
to the resist image on the substrate.

In many industrial applications, particularly in the

manufacture of miniaturized electronic components, a 60

photoresist is required to provide a high degree of reso-
lution for very small features (on the order of two mi-
cron or less).

The ability of a resist to reproduce very small dimen-
sions, on the order of a micron or less, is extremely
important in the production of large scale integrated
circuits on silicon chips and similar components. Circuit
density on such a chip can only be increased, assuming
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photolithography techniques are utilized, by increasing

the resolution capabilities of the resist.

Photoresists are generally categorized as being either
positive working or negative working. In a negative
working resist composition, the imagewise light struck
areas harden and form the image areas of the resist after
removal of the unexposed areas with a developer. In a
positive working resist the exposed areas are the non-
image areas. 1The light struck parts are rendered soluble
in aqueous alkali developers. While negative resists are
the most widely used for industrial production of
printed circuit boards, positive resists are capable of
much finer resolution and smaller imaging geometries.
Hence positive resists are the choice for the manufac-
ture of densely packed integrated circuits.

In the normal manner of using a positive photoresist,
a single layer of this material is imaged to give a mask
on the substrate, which can further be etched with a
suitable etchant or used for deposition of materials, such
as metals. However, due to the limitations of optical
imaging systems, resolution of small patterns, on the
order of 2um or less, is limited, particularly if topogra-

phy 1s present on the substrate. It was discovered by
B.J. Lin and T.H.P. Chang, J. Vac. Sci. Tech. 1979, 16,

pl669, that this resolution can be further improved by

using multilevel systems to form a portable conformable
mask.

In multilevel lithography a relatively thick layer of
photoresist is used such that the substrate 1s covered
with a flat layer of the photoresist. A different type of
photoresist, in particular, one absorbing at a different
wavelength as compared to the bottom layer, is then
placed on top. This top layer ts imaged through a mask
using the actinic wavelength for the top layer resist.
The tmage is developed using an appropriate developer.
The top layer image can now be used as a portable
conformable mask for imaging the bottom layer by
flood exposing the system at the actinic wavelength of
bottom photoresist. This system represents a simple
bilevel scheme.

However, if undesirable intermixing or scumming is
observed between the two photoresist layers then an-
other barrier layer may be added between these two
layers. The barrier layer may be an organic polymer
that does not mix with either of the two layers, such as
polyvinyl alcohol, or be an inorganic layer, such as
silicon oxide or silicon mitride. From a processability
point of view a bilevel system is more attractive than a
trilevel one although a trilevel system 1s also contem-
plated by this invention.

The present invention relates to a multilevel system,
where a layer of a first positive photoresist 1s coated
onto a substrate. It is necessary for this invention that
the bottom layer of photoresist be one capable of a
controllable degree of crosslinking. The compositions
described in U.S. patent applications Ser. No. 764,700,
filed Aug. 12, 1985; Ser. No. 889,032, filed July 23, 1986;
and Ser. No. 895,609, filed Aug. 11, 1986 are preferred
and these applications are incorporated herein by refer-
ence. These compositions undergo tone inversion from
positive to negative if the exposure energy is low, on the
order of about 5-50 mJ/cm?, and an appropriate post-
exposure bake is then used. The dosage and the temper-
ature of the post-exposure bake determine the extent of
crosslinking taking place in the photoresist and thus the
dissolution properties of the image reversed photoresist.
If no post-exposure bake is used, the photoresist be-
haves as a conventional positive resist. Crosslinking can
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also be introduced with only a bake and without expo-
sure if a suitable crosslinking additive is used such that
the system requires no photogenerated acidic species to
induce crosslinking. For the purposes of this invention
the conditions used for crosslinking are such that sub-
stantially no intermixing is observed when the top layer
of photoresist is in place. This lower level resist is soft-
baked at a temperature to largely remove the solvent
from the film. The film is then flood exposed with u.v.
hight and baked such that the material is sufficiently
crosslinked to prevent intermixing when the top layer
of photoresist is deposited. The actinic wavelength for
this photoresist may be, for example, 300-410nm.

If the substrate is highly reflective or contains topog-
raphy, a dye may be added to the resist which forms the
bottom layer. The absorption of the dye should be at the
same wavelength as that used to image the top layer.
The concentration of the dye should be sufficient to
eliminate reflections from the substrate when imaging
the top layer.

On top of the crosslinked lower resist is deposited a
second photoresist that is actinic at a wavelength which
1s not absorbed by the sensitizer of the bottom resist.
This may be any wavelength excluding, for example,
300nm to 410nm. In one case this could be 436nm. To
the upper resist may be added a dye that is used to form
a mask for the botiom layer, i.e. a dye that absorbs
between 300nm to 410nm. The concentration of this dye
should preferably be sufficient such that for the desired
film thickness (300 um to 410 nm) the transmission at
the exposure wavelength of the botiom resist is prefera-
bly less than 1%. This is to enable the top layer to be-
have as an efficient mask.

Imaging of the top layer may be done with, for exam-
ple, 436nm filtered mercury light through a mask. The
image is then developed with an aqueous alkaline devel-
oper, e.g., AZ 400K available commercially from
American Hoechst Corporation. The complete system
is then flood exposed with light at the actinic wave-
length of the bottom resist. The wavelength of the light
should also be such that the light is sufficiently absorbed
by the dye in the patterned top layer to reduce the
transmission in the masked areas to less than about one
percent. The exposure dose has to be sufficiently high to
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indene carboxylic acid to overcome the insolubility of
the previously crosslinked bottom resist. Exposure
doses of about 100mJ/cm? to about 300mJ/cm? are
sutficient. The bottom layer is then developed with an
aqueous alkaline developer. Thus the image of the mask
is transferred “positively” to the substrate if the top
resist 1s a positive acting one.

This system has an advantage over other current
bilevel systems in that no organic solvents need be used
in the development stage. Aqueous alkaline developers
may be used to develop both layers of this multilayer
system. The bottom layer does not dissolve at an appre-
ciable rate, since the botiom layer is partially cross-
linked. In addition, since it is a bilevel system, it is much
simpler than a trilevel one and requires less processing.
Also without any further processing step the bottom
layer possesses greater thermal stability than a conven-
tionally positively imaged photoresist would, since it is
partially crosslinked. This enhanced thermal stability is
important for any etching where temperatures in the
area of 150° C. can be reached.

The invention uses a unique partially cross-linkable
chemical composition, which when processed in a
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slightly modified manner to the usual and customary
method of lithographic processing, yields a totally un-
expected positive working bi-level resist system.

Among the advantages realized by this highly desir-
able result are improvement in the relationship between
exposure energy and resulting line width, improvement
in developed image resolution, substantial elimination
of reflective notching and a totally aqueous developable
system.

SUMMARY OF THE INVENTION

A process for forming a multi-level positive working
photosensitive element. One forms a composition con-
taining an alkali soluble resin, an o-quinonediazide com-
pound and an in-situ generated acid catalyzed cross-
linker in a solvent mixture. After coating on a substrate,
drying and partiaily cross-linking the first layer, a sec-
ond positive working light sensitive layer is applied.
Each light sensitive layer is activated by u.v. radiation
in different parts of the spectrum. The top layer is im-
agewise exposed and developed to form a mask. The
second layer is flood exposed through this mask and
developed. Each development is conducted with an
aqueous alkaline solution.

The invention provides a process for preparing a
positive working photographic element which com-
prises in order:

(a) forming a first photosensitive composition which
comprises

(1) from about 1% to about 25% based on the weight
of the solid parts of the composition of a photosensitive
compound having the formula

R4
OR;
R;
R3

wherein

R1=1,2-benzoquinone-2-diazide-4-sulfonyl; 1,2-naph-
thoquinone-2-diazide-4-sulfonyl; or 1,2-anthraqui-
none-2-diazide-4-sulfonyl

Rs;=H, R+, ORg or

|
C—R7

R3i3=H, Ry, OR¢ or

|
C—R~

Rs=H, R7, OR¢ or

O

|
C—Rj5

Re=H, alkyl, aryl, aralky or R;
R7=alkyl, aryl or aralkyl

(1) from about 75% to about 99% based on the
weight of the solid parts of the composition of a novo-
lak, and/or polyvinyl phenol resin; and
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(iii) from about 0.5% to about 20% based on the
weight of the solid parts of said composition of a cross-
linking compound which, when in the presence of that
amount and strength of the acid generated when said

diazide is exposed to actinic radiation, is capable of 3

crosslinking said resin under the application of the heat-
ing conditions of step (d); and

(iv) sufficient solvent to dissolve the foregoing com-
position components; and

(b) coating said first composition on a suitable sub-
strate; and |

(c) heat treating said coated subsirate at a tempera-
ture of from about 20° C. to about 100° C. until enough
of said solvent is dried off to render it non-tacky; and

(d) non-imagewise exposing said composition overall
to sufficient actinic radiation and sufficient heat to par-
tially cross-link said composition while substantially
retaining its photosensitivity; and

(e) coating said first photosensitive composition with
a second photosensitive composition comprising an
o-quinone diazide and a novolak and/or polyvinyl phe-
nol resin, wherein said first photosensitive composition
and said second photosensitive composition are reactive
to ultraviolet radiation at substantially different wave-
lengths; and,

(f) imagewise exposing said second photosensitive
composition to actinic radiation and developing to form
an image mask; and

(g) exposing said first photosensitive composition to
actinic radiation through said image mask and develop-
ing to remove the exposed portion of said firsi photo-
sensitive composition.

According to the present invention there is provided:
a process for preparing a positive working photo-
graphic element which comprises in order:

(a) forming a first photosensitive composition which
comprises

(i) from about 1% to about 25% based on the weight
of the solid parts of the composition of a2 photosensitive

compound having the formula represented by the gen-
eral formulae (1), (2) or (3):

(1

Rg

X is a single C—C bond, —O—, —S—, —SO»—,

O O O
| i |
—C—, —C—(CHp)p~~, = CH2~—C—(CH2),—,
O O
| II
_C_O_r —C-O—(CHZ)H—:-
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-continued
i
—CH;—C—0—(CH3),~, ~~(CH3)p™, or

CH3—C—CH;,

nis 1or 2 Ryis H —OH, —0OY, —0Z, halogen or
lower alkyl, with at least one R, radical being -OY and
at least one thereof being —OZ, R is H, alkyl, aryl,
substituted alkyl, or substituted aryl;

Ri (2)

Re

wherein Ryi1s H, or

Rc i1s H, —OH, —OY or —0QZ, with at least one R,
radical being —OY and at least one thereof being —OZ;
and

(3)

wherein R; is H, alkyl, aryl, substituted alkyl, or substi-
tute aryl, Rgis —OH, —OY or —OZ with at least one
R4 radical being —OY and at least one thereof being
—0OZ;

wherein Y i1s 1,2-naphthoquinonediazide-4-sulfonyl and
Z is 1,2-naphthoquinone-diazide-5-sulfonyl or
—W-—R3, where W 1s

O

J
—-Cm

or —S0O3—, and Rj is alkyl, aryl, substituted alkyl or
substituted aryl;

(i1) from about 75% to about 99% based on the
weight of the solid parts of the composition of a novo-
lak, and/or polyvinyl phenol resin; and |

(1) from about 0.5% to about 20% based on the
weight of the solid parts of said composition of a cross-
linking compound which, when in the presence of that
amount and strength of the acid generated when said
diazide i1s exposed to actinic radiation, is capable of
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crosslinking said resin under the application of the heat-
ing conditions of step (d); and

(iv) sufficient solvent to dissolve the foregoing com-
position components; and

(b) coating said first composition on a suitable sub-
strate; and

(c) heat treating said coated substrate at a tempera-
ture of from about 20° C. to about 100° C. until enough
of said solvent i1s dried off to render it non-tacky; and

(d) non-imagewise exposing said composition overall
to sufficient actinic radiation and sufficient heat to par-
tially cross-link said composition while substantially
retaining its photosensitivity; and

(e) coating said first photosensitive composition with
a second photosensitive composition comprising an
o-quinone diazide and a novolak and/or polyvinyl phe-
nol resin, wherein said first photosensitive composition
and said second photosensitive composition are reactive
to ultraviolet radiation at substantially different wave-
lerigths; and,

(f) imagewise exposing said second photosensitive
composition to actinic radiation and developing to form
an image mask; and

(g) exposing said first photosensitive composition to
actinic radiation through said image mask and develop-
ing to remove the exposed portion of said first photo-
sensitive composition.

According to the present invention there is provided:
a process for preparing a positive working photo-
graphic element which comprises in order:

(a) forming a first photosensitive composition which
comprises

(1) from about 1% to about 25% based on the weight
of the solid parts of the photosensitizer composition
comprising the condensation product of:

(I) a phenolic compound selected from the group
consisting of:=

Rg (A)
Rg
R
R,
| R
wherem R is H, —X—R;, or
Rq
Rg
¢ ,
R,
Rg

Rgis H; —OH, halogen or lower alkyl, with at least two

and not greater than six R, radicals being —OH, X is a
single C—C bond, —O—, —S—, —S0Qy—,

0 0 O
1 | |

==, =C—(CHy)p~=, —CHy=~C—=(CH3),~,
O O
| |

=0, —C—~0—(CH>)),,~,

8

-continued
O
I

—CH;—C—0=-(CHy),—, —(CH2),—, or

|
CH3;—C—CH;,

10 pnis1or 2 Rpis H, alkyl, aryl, substituted alkyl or
substituted aryl;

(B)
15
Re

s¢g Wherein Rji1s H or

23

30

R¢is H or —OH with at least two R, radicals being
—QOH: and

33 (C)

40

wherein R is H, alkyl, aryl, substituted alkyl, or substi-
tuied aryl; o

(I) a 1,2-naphthoquinonediazide-4-sulfonic acid
(Diazo 1); and

(III) a 1,2-naphthoquinonediazide-5-sulfonic acid
(Diazo 2) and/or an organic acid halide represented by
the formula:

43

20
W—R3

wherein W is
55

O
|
—C—V

or —S0;—V, V is halogen, R is alkyl, aryl, substituted
alkyl or substituied aryl:

wherein the molar ratio of the amount of Diazo 1 re-
acted to the amount of Diazo 2 and/or organic acid
reacted is in the range of from about 1:1 to about 39:1;

65

60

(1) from about 75% to about 99% based on the
weight of the solid parts of the composition of a novo-
lak, and/or polyvinyl phenol resin; and
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(i) from about 0.5% to about 20% based on the
weight of the solid parts of said composition of a cross-
linking compound which, when in the presence of that
amount and strength of the acid generated when said
diazide is exposed to actinic radiation, is capable of
crosslinking said resin under the application of the heat-
ing conditions of step (d); and

(iv) sufficient solvent to dissolve the foregoing com-
position components; and

(b) coating said first composition on a suitable sub-
strate; and

(c) heat treating said coated substrate at a tempera-
ture of from about 20° C. to about 100° C. until enough
of said solvent is dried off to render it non-tacky; and

(d) non-imagewise exposing said composition overall
to sufficient actinic radiation and sufficient heat to par-
tially cross-link said composition while substantially
retaining its photosensitivity; and

(e) coating said first photosensitive composition with
a second photosensitive composition comprising an
o-quinone diazide and a novolak and/or polyvinyl phe-
nol resin, wherein said first photosensitive composition
and said second photosensitive composition are reactive
to ultraviolet radiation at substantially different wave-
lengths; and,

(f) imagewise exposing said second photosensitive
composition to actinic radiation and developing to form
an image mask; and

(g) exposing said first photosensitive composition to
actinic radiation through said image mask and develop-
ing to remove the exposed portion of said first photo-
sensitive composition.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

As a first step 1n the production of the photographic
element of the present invention, one coats and dries the
foregoing first-photosensitive composition on a suitable
substrate. The composition contains a solvent, cross-
linking agent, binding resin and a 1,2-quinonediazide-4-
sulfonyl group containing photosensitizer. The binding
resins include the classes known as the novolaks and
polyvinyl phenols. |

The production of novolak resins, which may be used
for preparing photosensitive compositions, is well
known in the art. A procedure for their manufacture is
described in Chemistry and Application of Phenolic Res-
ins, Knop A. and Scheib, W.; Springer Verlag, New
York, 1979 in Chapter 4 which is incorporated herein
by reference. Polyvinyl phenols are taught in U.S. Pat.
Nos. 3,869,292 and 4,439,516, which are incorporated
herein by reference. Similarly, the use of o-quinone
diazides is well known to the skilled artisan as demon-
strated by Light Sensitive Systems, Kosar, J.; John Wiley
& Sons, New York, 1965 in Chapter 7.4 which is also
incorporated herein by reference. These sensitizers
which comprise a component of the present resist com-
positions of the present invention are preferably se-
lected from the group of substituted diazonaphthoqui-
none sensitizers which are conventionally used in the
art in positive photoresist formulations. Such sensitizing
compounds are disclosed, for example, in U.S. Pat. Nos.
2,797,213; 3,106,465; 3,148,983; 3,130,047; 3,201,329;
3,785,825; and 3,802,885, which are incorporated herein
by reference.

For the firsi photosensitive composition, the phoio-
sensitizer is a 1,2-quinonediazide-4-sulfonic acid ester of
a phenolic derivative. It presently appears that the num-
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ber of fused rings is not important for this invention but
the position of the sulfonyl group is important. That is,
one may use benzoquinones, naphthoquinones or an-
throquinones as long as the oxygen is in the position, the
diazo is in the 2 position, and the sulfonyl group is in the
4 position. Likewise the phenolic member to which it is
attached does not appear to be important. For example
it can be a cumylphenol derivative as taught in U.S. Pat.
No. 3,640,992 or it can be a mono-, di-, or trihydrox-
yphenyl alkyl ketone or benzophenone as shown in U.S.
Pat. No. 4,499,171. Both of these patents are incorpo-
rated herein by reference.

As a generalized formula, the quinonediazides of the
first photosensitive composition layer may be repre-
sented by:

wherein

R1=1,2-benzoquinone-2-diazide-4-sulfonyl;
thoquinone-2-diazide-4-sulfonyl; or
none-2-diazide-4-sulfonyl

R>=H, Rq, ORgor

1,2-naph-
1,2-anthraqui-

O
|
C—Ry

Ri=H, R7, ORg¢or

O
|
C—Ry7

Rs=H, R7, ORg¢ or

O
|
C—R~7

Re¢=H, alkyl, aryl, aralky or R;
Ry=alkyl, aryl or aralkyl

Useful  photosensitizers  include  (1,2)naph-
thoquinonediazide-4-sulfonyl chloride condensed with
phenolic compounds such as hydroxybenzophenones
especially trihydroxybenzophenone and more particu-
larly 2,3,4-trihydroxybenzophenone; 2,3,4-trihydrox-
yphenyl pentyl ketone 1,2-naphthaquinone-2-diazide-4-
sulfonic acid trisester or other alkyl phenones; 2,3,4-
trihydroxy-3'-methoxybenzophenone 1,2-naphthaqui-
none-2-diazide-4-sulfonic acid trisester; 2,3,4-trihy-
droxy-3'-methyl benzophenone 1,2-naphthaquinone-2-
diazide-4 sulfonic acid trisester: and 2,3,4-trihydrox-
ybenzophenone  1,2-naphthaquinone-2-diazide-4-sul-
fonic acid trisester.

Other useful photosensitive compounds and photo-
sensitizer compositions of this invention may be ob-
tained by condensing phenolic compounds with a mix-
ture of Diazo 1 and Diazo 2 and/or organic acid halides.
‘The molar ratio of the amount of Diazo 1 to the amount

of Diazo 2 and/or organic acid halide in the mixture

may be in the range of from about 1:1 to about 39:1,
preferably from about 4:1 to about 19:1, or more prefer-
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ably from about 93:7 to about 85:135. For example, one
mole of 2,3,4-trihydroxybenzo-phenone may be con-
densed with a 9:1 mixture of 2.7 moles of Diazo 1 and
0.3 moles of Diazo 2 to yield a photosensitizer composi-
tion comprising compounds having the formula:

where R1, Ry and R3 may independently be either 1,2-
naphthoquinonediazide-4-sulfonyl or 1,2-naphthoqui-
none-diazide-5-sulfonyl.

Ths photosenstive compounds may be represenied by
general formulae (1), (2) and (3):

(1)

X is a single C—C bond, —0—, —8S-, —SOy—,

O O

| 1
=C=, =C=(CH)p—, —CHy—~C=—(CH3),~—,

O
|

O

| |
mcmﬁm: =C—’0_(CHZ)HE:

O

|
=CHy~~C—0—(CH2)~, —(CH3),—, or

i
CH3=C=CHj,

nis 1 or2, Rqis H, —OH, —OY, —OZ, halogen, prefer-
ably Cl or Br, or lower alkyl, preferably lower alkyl
having 1-4 carbon atoms, with at least one R, radical
bemng —OY and at least one thereof being —OZ, Ry is
H, alkyl, aryl, substituted alkyl, or substituted aryl:
preferably alkyl having 1-20 carbon atoms, more pref-
erably 1-12 carbon atoms, preferably aryl being phenyl
or naphthyl, alkyl or aryl may be substituted with lower
alkyl having 1-4 carbon atoms, lower alkoxy having

1-4 carbon atoms, or halogen atoms, preferably Cl or
Br;
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(2)

Re

wherein Ry is H, or

R.1s H, —OH, —OY or —0OZ, with at least one R.
radical being —OQY and at least one thereof being —QOZ;
and

(3)

wherein R is H, alkyl, aryl, substituted alkyl, or substi-
tuted arvl, Rgis —OH, —OY or —OZ with at least one
Ry radical being —OY and at least one thereof being
—QZ; the alkyl radicals Ry may be straight-chain or
branched and may be substituted with halogen atoms or
lower alkoxy groups having 1-4 carbon atoms, prefera-
bly the alkyl radicals have 1-20 carbon atoms; the aryl
radicals Ry are preferably mononuclear and may be
substituted with lower alkyl or alkoxy groups having
1-4 carbon atoms or with halogen atoms, preferably the
aryl radicals have 1 to 10 carbon atoms; compounds in
which Rj is an aryl radical are particularly preferred
and compounds 1n which the aryl radical is a phenyl
radical are especially preferred;

wherein Y is 1,2-naphthoquinonediazide-4-sulfonyl and
Z is a 1,2—naphthoquinonediazide—5-sulfonyl or
_W—R:’w

where W 1s

O

I
:—:C—

or —30—, and Rj is alkyl, aryl, substituted alkyl or
substituted aryl; the alkyl radicals R3 may be straight-
chain or branched and may be substituted with halogen
atoms, preferably Br or Cl, or lower alkoxy groups
having 1-4 carbon atoms, preferably alkyl having 1-20
carbon atoms; the aryl radicals R3 are preferably
mononuclear and may be substituted with lower alkyl
or alkoxy groups having 1-4 carbon atoms or with
halogen atoms, preferably Br or Cl, preferably aryl
radicals having 6-10 carbon atoms; phenyl radicals are
preferred; alkyl radicals are particularly preferred and
lower alkyl radicals having 1-6 carbon atoms are espe-
cially preferred.
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These photosensitive compounds may be prepared,
for example, in the manner as herein described for the
preparation of the photosensitizer compositions. The
compounds may be isolated and purified as desired.

The photosensitizer compositions (comprising inter
alia the photosensitive compounds disclosed herein)
may be obtained by condensing phenolic compounds
with a mixture of Diazo 1 and Diazo 2 and/or organic
acid halides. The Diazo 1 component and the Diazo 2
and/or organic acid halide component of the mixture
may be condensed either sequentially or concurrently
with the phenolic compounds.

The Diazo 1/Diazo 2-organic acid mixture may be
reacted preferably in stoichiometric quantities with the
hydroxyl-bearing compounds. However, the phenolic
compounds need not be completely esterified and less
than stoichiometric quantities of the Diazo and organic
acid halide compounds may be condensed with the

phenolic compounds provided that the molar ratio of

Diazo 1 to Diazo 2 and/or organic acid halide reacted
is within the ranges specified herein. The {otal amount
of Diazo 1 and Diazo 2 and/or organic acid halide
reacted with the phenolic compounds should be suffi-
cient to produce a photosensitizer composition capable
of inhibiting the dissolution rate of an alkali-soluble
resin.

The phenolic compounds which may be condensed

with the Diazo /. Diazo 2-organic acid mixture are
represented by the general formulae (A), (B) and (C):

(A)

R, 1s H, —OH, halogen, preferably Cl or Br, or lower
alkyl, preferably lower alkyl having 1 to 4 carbon
atoms; with at least two and not greater than six Ry,
radicals being —OH, X is a single C—C bond, —O—,
_S_s- —SOZ—y |

O O O
| I |
=C=—=, =C—(CH2)p—, ~-CHy—C—(CH2)r—,
O O
I |
==C—0—, —C~0=(CHy),—,

—CHy;=C—=0—(CH3)p—, —(CH2)p~, or

S
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-continued

CH3;—C—CHj;,

nis 1 or 2, Rpis H, alkyl, aryl, substituted ailkyl or substi-
tuted aryl; preferably alkyl having 1-20 carbon atoms,
more preferably 1-12 carbon atoms, preferably aryl
being phenyl or naphthyl, alkyl or aryl may be substi-
tuted with lower alkyl having 1-4 carbon atoms, lower
alkoxy having 1-4 carbon atoms, or halogen atoms,
preferably Cl or Br;

R

(B)

R,

wherein R 1s H or

(€)

wherein Ry is H, alkyl, aryl, substituted alkyl, or substi-
tuted aryl; the alkyl radicals R; may be straight-chain
or branched and may be substituted with halogen
atoms or lower alkoxy groups having 1-4 carbon
atoms, preferably the alkyl radicals have 1-20 carbon
atoms; the aryl radicals R; are preferably
mononuclear and may be substituted with lower alkyl
or alkoxy groups having 1-4 carbon atoms or with
halogen atoms, preferably the aryl radicals have 1 to
10 carbon atoms; compounds in which Rj is an aryl
radical are particularly preferred and compounds in
which the aryl radical is a phenyl radical are espe-
cially preferred.
Among the phenolic compounds represented by the
general formula
(I) are: hydroxyl-bearing benzene compounds such a
1,2-dihydroxy-benzene, 1,3-dthydroxybenzene, 1,4-
dihydroxybenzene, 1,2,3-trihydroxybenzene, 1,2,4-
trihydroxybenzene, 1,3,5-trihydroxybenzene, and the
like; dihydroxybenzophenones such as 2,2'-dihydrox-
ybenzophenone, 2,3'-dihydroxybenzophenone, 2,4-
dihydroxybenzophenone, 2,4'-dihydroxybenzophe-
none, 2,5-dihydroxybenzophenone, 3,3'-dihydroxyben-
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zophenone, 4,4'-dihydroxybenzophenone, and the like;

trihydroxybenzophenones such as 2,2’,6-trihydroxyben-
zophenone, 2,3,4-trihydroxybenzophenone, 2,4,4'-trihy-
droxybenzophenone, 2,4,6-trihydroxybenzophenone,
3,4,5-trihydroxybenzophenone, and the like; tetrahy-
droxybenzophenones such as 2,2'3,4-tetrahydroxyben-
zophenone, 2,2' 4,4 -tetrahydroxybenzophenone,
2,2'4,6'-tetrahydroxybenzophenone, 2,2',5,6'-tetrahy-
droxybenzophenone, 2,3',4,4'-tetrahydroxybenzophe-
none, 2,3'4,6-tetrahydroxybenzophenone, 2,4,4',6-tet-
rahydroxybenzophenone, 3,3',4,4',-tetrahydroxyben-
zophenone, and the like; pentahydroxybenzophenones;
hexahydroxybenzophenones; dihydroxy- and trihy-
droxy- phenyl alkyl ketones such as 2,4-dihydroxyphe-
nyl alkyl ketones, 2,5-dihydroxyphenyl alkyl ketones,
3,4-dihydroxyphenyl alkyl ketones, 3,5-dihydroxyphe-
nyl alkyl ketones, 2,3,4-trihydroxyphenyl aikyl ketones,
3,4,5-trihydroxyphenyl alkyl ketones, 2,4,6-trithydrox-
yphenyl alkyl ketones, and the like, preferably alkyl
having 1-12 carbon atoms such as methyl, ethyl, butyl,
n-hexyl, heptyl, decyl, dodecyl, and the like; dihy-
droxyphenyl aralkyl ketones; trihydroxyphenyl aralkyi
ketones; dihydroxydiphenyls; trihydroxydiphenyls such
as 2,2’ 4-trihydroxydiphenyl; tetrahydroxydiphenyls
such as 2,2'4,4'-tetrahydroxydiphenyl; dihydrox-
ydiphenyl oxides; dihydroxydibenzyl oxides; dihydrox-
ydiphenyl alkanes, preferably lower alkanes such as
methane, ethane, propane or the like; dihydroxybenzoic
acid; trihydroxybenzoic acids; dihydroxy- and trihy-
droxy- benzoic acid alkyl esters, alkyl preferably having
1 to 12 carbon atoms, such as n-butyl 2,4-, 2,5-, 3,4- and
3,9-dithydroxybenzoate, 2,4,4-trimethylpentyl 2,4-dihy-
droxybenzoate, and the like; dihydroxy- and trihy-
droxy- benzoic acid phenyl esters; dihydroxy-, trihy-
droxy-, and tetrahydroxydiphenyl sulfides such as
4,4'dihydroxydiphenyl sulfide; dihydroxydiphenyl sul-
fones; and dihydroxy- and trihydroxy- phenyl naphthyi
ketones such=as 2,3,4-trihydroxyphenyl naphthyl ke-
tone; and the like.

Examples of compounds of general formuia (I) where
at least one R, radical is halogen or lower alkyl include
2,4-dihydroxy-3,5-dibromobenzophenone; 5-bromo-2,4-
dihydroxybenzoic acid and esters; 2,4,2'.4'-teirahy-
droxy-3,5,3',5'-tetrabromodiphenyl; 4,4’-dihydroxy-
2,2'dimethyl-5,5 -di-tert.-butyl  diphenyl; 4,4'-dihy-
droxy-2,2'dimethyl-5,5'-di-tert.-butyl diphenyl sulfide:
2,4,2' 4'-tetrahydroxy-3,5,3'5'-tetrabromodiphenyl sul-
fone; and the like. |

The preferred class of phenolic compounds of gen-
eral formula (I) are the hydroxyl-bearing benzophe-
nones and the especially preferred compounds are the
trihydroxybenzophenones.

Among the phenolic compounds represented by gen-
eral formula (II) are: dihydroxynaphthalenes such as
1,2-dihydroxynaphthalene, 1,4-dihydroxynaphthalene,
1,5-dihydroxynaphthalene, 1,6-dihydroxy-naphthalene,
1,7-dihydroxynaphthalene, 1,8-dihydroxynaphthalene,
2,3-dihydroxynaphthalene, 2,6-dihydroxynaphthalene,
2,7-dihydroxynaphthalene, and the like; dihydrox-
ydinaphthylmethanes such as 2,2'dihydroxydinaph-
thylmethane, and the like. The dihydroxynaphthylenes
are preferred. The hydroxyl groups of the dihydrox-
ynaphthylenes may be either on the same nucleus or on
different nucleii of the naphthalene moiety. |

Among the phenolic compounds represented by gen-
eral formula (III}) are bis-(3-benzoyl-4,5,6-trihydroxy-
phenyl)-methane; bis-(3-acetyl-4,5,6-trihydroxy-
phenyl)-methane; bis-(3-propionyl-4,5,6-trihydroxy-
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phenyl)-methane; bis-(3-butyryl-4,5,6-trihydroxy-

phenyl)-methane; bis-(3-hexanoyl-4,5,6-trihydroxy-
phenyl)-methane;  bis-(3-heptanoyl-4,5,6-trihydroxy-
phenyl)-methane; bis-(3-decanoyl-4,5,6-trihydroxy-

phenyl)-methane; bis-(3-octadecanoyl-4,5,6-trihydroxy-
phenyl)-methane; and the like.

The organic acid halides which may be used to mod-
ify the Diazo 1 ester compounds may be represented by
the formula:

W--R3

wherein W is

O

|
—C—V

or —S0,~-V, V is halogen, preferably Cl or Br, and R3
1s alkyl, aryl, substituted alkyl or substituted aryl; the
alkyl radicals R3 may be straight-chain or branched and
may be substituted with halogen atoms, preferably Br or
Cl, or lower alkoxy groups having 1-4 carbon atoms,
preferably the alkyl radicals have 1-20 carbon atoms:
the aryl radicals R3 are preferably mononuclear and
may be substituted with lower alkyl or alkoxy groups
having 1-4 carbon atoms or with halogen atoms, prefer-
ably Br or Cl, preferably the aryl radicals have 6 to 10
carbon atoms, phenyl radicals are especially preferred;
compounds in which Rj is an alkyl radical are particu-
larly preferred and compounds in which the alkyl radi-
cal 1s lower alkyl radical having 1-6 carbon atoms are
especially preferred.

Among the organic acid halides represented by the
above formula are alkyl sulfonyl halides such as me-
thanesulfonyl chloride, ethanesulfonyl chloride,
propanesulfonyl chloride, n-butanesulfonyl chloride,
dodecanesulfonyl chloride, and the like; arylsulfonyl
chlorides such as benzenesulfonyl chloride, naph-
thalenesulfonyl chlorides, and the like; acyl halides such
as acetyl chloride, butanoyl chloride, valeryl chloride,
benzoyl chloride, benzoyl bromide, naphthoyl chlo-
rides, and the like.

The preferred organic acid halides are lower alkyl
sulfonyl halides and lower alkyl acyl halides having 1-6
carbon atoms, and benzenesulfonyl halides and benzoyl
halides. These acid halides may be substituted or unsub-
stituted.

The crosslinking compound is a compound, which
when in the presence of that amount and strength of the
acid generated when the diazide is exposed to actinic
radiation, is capable of crosslinking the foregoing novo-
lak, paravinylphenol or polyvinyl phenol resin. This
occurs upon the application of sufficient heat to diffuse
the acid to the crosslinking component but less heat
than will decompose the diazide. The general class of
such compounds are those capable of forming a carbo-
nium 10n under the foregoing acid and heat conditions.
The preferred compounds are dimethylol paracresol as
described 1in U.S. Pat. No. 4,404,272 which is incorpo-
rated by reference; methylmethoxy diphenyl ether,
melamine formaldehyde resins and compounds and
alkylated analogues thereof having 1 to about 3 mono-
mer units such as those typically sold under the trade-
names Cymel from American Cyanamid and Resimene
from the Monsanto Company, for example hexame-
thylol melamine hexamethyl ether, resole resin and
epoxy cresol novolak resin. In some cases these addi-
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tives are sufficiently reactive that exposure to actinic
radiation is not needed to induce crosslinking and only
a heat treatment is necessary. This 1s found particularly
for the Cymel resins.

The resole resins have the general formula

Loy

OH OH

HOCH> CH» CH>,OH

CHj CHj

n

wherein n=1-15
The epoxy cresol novolak resins have the general
formula

O

7\
O—CH;—CH—CH3

G

7N\
O—CH;—CH——CH,

CH>

where n=1-10.

The first photosensitive composition is formed by
blending the ingredients in a suitable solvent composi-
tion. In the preferred embodiment the resin is preferably
present in the overall composition in an amount of from
about 75% to about 99% based on the weight of the
solid, 1.e. non-solvent parts of the composition. A more
preferred range of resin would be from about 80% to
about 90% and most preferably from about 82% to
about 85% by weight of the solid composition parts.
The diazide is preferably present in an amount ranging
from about 1% to about 25% based on the weight of the
solid, i1.e., non-solvent parts of the composition. A more
preferred range of the diazide would be from about 1%
to about 20% and more preferably from about 10% to
about 18% by weight of the solid composition parts.
The crosslinker is preferably present in an amount rang-
ing from about 0.5% to about 20% based on the weight
of the solid, i.e. non-solvent parts of the composition. A
more preferred range would be from about 1% to about
10% and most preferably from about 3% to about 6%
by weight of the solid composition parts. In manufac-
turing the composition the resin, crosslinker and diazide
are mixed with such solvents as the propylene glycol
alkyl ether acetate, butyl acetate, xylene, ethylene gly-
col monoethyl ether acetate, and propylene glycol
methyl ether acetate, propylene glycol alkyl ether, for
example propylene glycol methyl ether, or mixtures of
the foregoing, among others.

Additives such as colorants, dyes, anti-striation
agents, leveling agents, plasticizers, adhesion promot-
ers, speed enhancers, solvents and such surfactants as
non-ionic surfactants may be added to the solution of
resin, sensitizer, cross-linker and solvent before the
solution is coated onto a substrate.

Examples of dye additives that may be used together
with the photoresist compositions of the present inven-
tion include Methyl Violet 2B (C.1. No. 42535), Crystal
Violet (C.1. 42555), Malachite Green (C.1I. No. 42000),
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Victoria Blue B (C.1. No. 44045) and Neutral Red (C.I.
No. 50040) at one to ten percent weight levels, based on
the combined weight of the solid parts of the composi-
tion. The dye additives help provide increased resolu-
tion by inhibiting back scattering of light off the sub-
strate.

Anti-striation agents may be used up to five percent
weight level, based on the combined weight of solids.

Plasticizers which may be used include, for example,
phosphoric acid tn-(B-chloroethyl)-ester; stearic acid;
dicamphor; polypropylene; acetal resins; phenoxy res-
ins; and alkyl resins at one to ten percent weight levels,
based on the combined weight of solids. The plasticizer
additives improve the coating properties of the material
and enable the application of a film that is smooth and of
uniform thickness to the substrate.

Adhesion promoters which may be used include, for
example, B-(3,4-epoxy-cyclohexyl)-ethyltrimethoxysi-

O

/N
O—CH;—CH——CH

CHj

lane; p-methyl-disilane-methyl methacrylate; vinyltin-
chlorosilane; and y-amino-propyl triethoxysilane up to
a 4 percent weight level, based on the combined weight
of solids.

Speed enhancers that may be used include, for exam-
ple, picric acid, nicotinic acid or nitrocinnamic acid at a
weilght level of up to 20 percent, based on the combined
weight of resin and solids. These enhancers tend to
increase the solubility of the photoresist coating in both
the exposed and unexposed areas, an thus they are used
in applications when speed of development is the over-
riding consideration even though some degree of con-
trast may be sacrificed; i.e., while the exposed areas of
the photoresist coating will be dissolved more quickily
by the developer, the speed enhancers will also cause a
larger loss of photoresist coating from the unexposed
areas.

The coating solvents may be present in the overall
composition in an amount of up to 95% by weight of the
solids 1n the composition.

Non-ionic surfactants that may be used include, for
example, nonylphenoxy poly(ethyleneoxy) ethanol;
octylphenoxy(ethyleneoxy) ethanol; and dinonyl-
phenoxy poly(ethyleneoxy) ethanol at up to 10 percent
weight, based on the combined weight of solids.

The prepared resist solution can be applied to a sub-
strate by any conventional method used in the photore-
sist art, including dipping, spraying, whirling and spin
coating. When spin coating, for example, the resist solu-
tion can be adjusted as to the percentage of solids con-
tent in order to provide coating of the desired thickness
given the type of spinning equipment utilized and the
amount of time allowed for the spinning process. Suit-
able substrates include silicon, aluminum or polymeric
resins, silicon dioxide, doped silicon dioxide, silicon
nitride, tantalum, copper, polysilicon, ceramics and
aluminum/copper mixtures.
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The photoresist coatings produced by the above de-
scribed procedure are particularly suitable for applica-
tion to thermally grown silicon/silicon dioxide-coated
wafers such as are utilized in the production of micro-
processors and other miniaturized integrated circuit
components. An aluminum/aluminum oxide wafer can
be used as well. The substrate may also comprise vari-
ous polymeric resins especially transparent polymers
such as polyesters.

After the resist composition solution is coated onto
the substrate, the substrate is temperature treated at
approximately 20° to 100° C. This temperature treat-
ment 1S selected in order to reduce and control the
concentration of residual solvents in the photoresist
while not causing substantial thermal degradation of the
photosensitizer. In general one desires to minimize the
concentration of solvents and thus this first temperature
treatment i1s conducted to reduce the solvent content of
the resist through evaporation and a thin coating of
photoresist composition, on the order of a micron in
thickness, remains on the substrate. This treatment is
normally conducted at temperatures in the range of
from about 20° C. to about 100° C. In a preferred em-
bodiment the temperature is conducted at from about
50° C. to about 90° C. A more preferred range is from
about 70° C. to about 90° C. This treatment is conducted
until the rate of change of solvent removal becomes
relatively insignificant. The temperature and time selec-
tion depends on the resist properties desired by the user
as well as equipment used and commercially desired
coating times. Commercially acceptable treatment
times for hot plate ireatment are those up to about 3
minutes, more preferably up to about 1 minute. In one
example, a 30 second treatment at 90° C. is useful.

The coated substrate may then be exposed to actinic
radiation, especially ultraviolet radiation, overall in a
non-imagewise fashion in a manner well known to the
skilled artisan- A low energy exposure may be used in
the range of from about SmJ/cm? to about 40mJ/cm?,
more preferably from about 20mJ/cm? to about
30mJ/cm-2.

The resist is then subjected to a post exposure second
baking or heat treatment of from about 90° C. to about
160° C., preferably 100° C. to 150° C., more preferably
115° C. to 135° C. This heating treatment may be con-
ducted with a hot plate system or convection oven at
such temperature and for such time sufficient to par-
tially crosslink the composition. For a hot plate system,
this normally ranges from about 5 seconds to 30 sec-
onds, more preferably from about 10 seconds to about
15 seconds. For an oven, the heat treatment may be
about 15 minutes. The time selected depends on the
choice of composition components, the thickness of the
photoresist layer, and the substrate used. The baking
treatment also converts the diazide to a carboxylic acid
containing compound, for example indene carboxylic
acid, which is soluble in aqueous alkali solutions. It is
important that this exposure/heating step is conducted
such that the composition retains the vast majority of its
photosensitivity.

The selection of the first and second heat treatment
temperatures and first and second heat treatment times
may be selected and optimized by the properties which
are desired by the end user.

On top of the first photosensitive layer is deposited a
second photosensitive layer comprising a light sensitive,
positive working o-quinonediazide, for example a 1,2-
quinonediazide -4-, or -5- sulfonic acid ester of a pheno-
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lic derivative, plus a novolak and/or polyvinyl phenol
resin. Such quinonediazides are well known in the art
and include those hereinbefore described. This second
photosensitive composition may likewise contain any of
the aforementioned optional additives such as colorants,
dyes, anti-striation agents, leveling agents, plasticizers,
adhesion promoters, solvents, speed enhancers, and
surfactants. The amounts of the constituent ingredients
must be such that they provide a light sensitive compo-
sition capable of being substantially dissolved by an
aqueous alkaline solution after being exposed to actinic
radiation. It is important, however, that each of the first
and second photosensitive compositions be reactive to
actinic radiation in substantially different parts of the
u.v. spectrum. This can be accomplished either through
a selection of diazides having differential absorption
spectra or by the inclusion of additives, such as dyes in
one or the other layer.

The thusly formed bilevel resist is then imagewise
exposed to actinic radiation in an amount and at a wave-
length sufficient to render the exposed portions of the
top photosensitive layer soluble in a suitable developer
but which does not render the first photosensitive com-
position so soluble to any significant degree.

The exposed substrate is next substantially immersed- - -

in a suitable developing solution. The strength of the
developer and time of development should be chosen
such that the bottom layer does not dissolve at an appre-
ciable rate. The solution is preferably agitated, for ex-
ample, by nitrogen burst agitation. The substrates are
allowed to remain in the developer until all, or substan-
tially all, of the top photosensitive resist coating has
dissolved from the exposed areas. Suitable developers
include aqueous alkaline solutions such as those inciud-
ing sodium hydroxide, and tetramethylammonium hy-
droxide as are well known in the art.

The resultant article at this point comprises a portable
conformable mask on the lower photosensitive layer.
This mask on resist is then given an overall exposure to
actinic radiation in an amount and at a wavelength
sufficient to render the exposed portions of the first
photosensitive layer soluble in a suitable developer. The
portable conformable mask layer is of such an optical
density that it 1s capable of absorbing the light impinged
on it and preventing the exposure of the thereunder
lying portions of the first photosensitive layer. Devel-
opment is as given before.

After removal of the coated wafer substrate from the
developing solution, an optional post-development heat
treatment or bake may be employed to increase the
coating's adhesion and chemical resistance to etching
solutions and other substances. The post-development
heat treatment can comprise the oven baking of the
coating and substrate below the coating’s softening
point. In industrial applications, particularly in the man-
ufacture of microcircuitry units on silicon/silicon diox-
ide-type substrates, the developed substrates may be
treated with a buffered, hydrofluoric acid base etching
solution or processed in a dry etching environment. The
resisi compositions of the present invention are resistant
to acid-base etching solutions and provide effective
protection for the unexposed resist-coating areas of the
substrate.

The following specific examples will provide detailed
illustrations of the methods of producing and utilizing
compositions of the present invention. These examples
are not intended, however, to limit or restrict the scope
of the invention in any way and should not be construed
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as providing conditions, parameters or values which
must be utilized exclusively in order to practice the
present invention.

The following non-limiting examples serve to illus-
trate the invention: 5

EXAMPLE 1

The top layer photoresist has the following formula-
tiom:

10
w/w %

Cresol Novolac Resin 15.7
Photosensitizer comprising the condensation
product of 2,3,4-trihydroxybenzophenone and
1,2-naphthoquinone-2-diazide-5-sulfonyl 15
chioride 5.2
AZ Thinner 76.7
Bipydyl athlene e | .4

™ Emmre—-mirTEE

The bottom layer photoresist has the following for- 79
mulation:

e e p— [ p———— g

w/w %
Cresol novolac resin - 23.1 95
Propylene glycol monomethyl ether acetate 72.9
2,3,4-trihydroxybenzophenone 1,2-naphtho-
quinone-2-diazide-4-sulfonic acid triester 3.0
Dimethylol p-cresol 1.0

ST TESEE'FT OFTE E-E —Em — e . = B . - - [ I T~ m- "rm & a B aAdiis - m

AZ Thinner is available from American Hoechst 30
Corporation of Somerville, N.J.

Using the bottom layer photoresist, silicon wafers are
coated at 2000 rpm and then soft-baked in a vented
convection oven at 90° C. for 30 minutes. A broad band
flood exposure is applied using a Oriel model 8089 expo- 35
sure unit. The dosage is 30mJ/cm? as determined by an
OAI radiometer for wavelengths between 365 and
436nm. The coated wafers are post exposure baked in a
vented convection oven at 125° C. for 15 minutes. After
the wafers cool to room temperature, the top layer 40
photoresist is coated on the bottom layer photoresist at
2000 rpm and then soft-baked in a vented convection
oven at 90° C. for 30 minutes.

Actinic exposure is applied using the Perkin Elmer
220 Micralign aligner through a glass photomask con- 45
taining a resolution test patiern. The dosage is
180mJ/cm? as determined by an OAI radiometer for
wavelengths between 365 and 436nm.

After developing the exposed wafers in AZ 400K
Developer 1:3 dilution in an immersion mode for 20 50
seconds with slight agitation, the wafers are rinsed with
deionized water and spin dried. The wafers are now
examined using a scanning electron microscope at
10,000 magnification. A 2 pum single space and larger
geometries are clearly seen to be completely open 55
through the top layer. The top image may now be used
as a portable conformable mask for imaging the bottom
layer. The actinic wavelength for the bottom laver
photoresist 1s 300-400nm. The wafers are flood exposed
using an Optical Applied Inc. deep UV model 29D with 60
a 310nm narrow band filter. The dosage is 126mJ/cm?
as determined by an OAI radiometer for wavelengths
centered at 310nm. The wafers are then developed in
AZ 312 MIF developer in an immersion mode for 180
seconds with slight agitation. The wafers are immedi- 65
ately rinsed with DI water and spin dried. The wafers
are again examined using a scanning electron micro-
scope at 10,000 magnification. A 2 um single space and
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larger geometries are clearly seen to be completely
opened.

EXAMPLE 2

The top layer photoresist has the following formula-
tion:

w/w %
Cresol novolac resin 15.7
Photosensitizier comprising the condensation
product of 2,3,4-trihydroxybenzophenone and
1,2-naphthoquinone-2-diazide-5-sulfonyl chloride 5.2
AZ Thinner 76.7
Bispyridyl ethylene dye 2.4

The bottom layer of the photoresist has the following
formulation:

w/w %
Cresol Novolac Resin 23.0
Trihydroxy phenyl octyl ketone 1,2-naphthoquinone
-2-diazide-4-sulfonic acid trisester 3.0
2,6-dimethylol p-cresol 1.3
Propylene glycol monomethyl ether acetate 12.7

Using the bottom layer photoresist, silicon wafers are
coated at 2000 rpm and then soft-baked in a vented
convection oven at 90° C. for 30 minutes. A broad band
flood exposure is applied using a Oriel model 8089 expo-
sure unit. The dosage is 10mJ/cm? as determined by an
OAI radiometer for wavelengths between 365 and
436nm. The coated wafers are post exposure baked in a
vented convection oven at 125° C. for 15 minutes. After
the wafers cool to room temperature, the top layer
photoresist is coated on the bottom layer photoresist at
3000 rpm and then soft-baked in a vented convection
oven at 90° C. for 30 minutes.

Actinic exposure is applied using the Perkin Elmer
220 Micralign aligner through a glass photomask con-
taining a resolution test pattern. The dosage is
250mJ/cm? as determined by an OAI radiometer for
wavelengths between 365 and 436nm.

After developing the exposed wafers in AZ 400K
Developer 1:3 dilution in an immersion mode for 90
seconds with slight agitation, the wafers are rinsed with
deionized water and spin dried. The wafers are now
examined using a scanning electron microscope at
10,000 magnification. A 2 um single space and larger
geometries are clearly seen to be completely open
through the top layer. The top image may now be used
as a portable conformable mask for imaging the bottom
layer. The actinic wavelength for the bottom layer
photoresist is 300 - 400nm. The wafers are flood ex-
posed using an Optical Applied Inc. deep UV model
29D with a 310nm narrow band filter. The dosage is
200mJ/cm? as determined by an OAI radiometer for
wavelengths centered at 310nm. The wafers are then
developed in AZ 312 MIF developer in an immersion
mode for 180 seconds with slight agitation. The wafers
are immediately rinsed with DI water and spin dried.
The wafers are again examined using a scanning elec-
tron microscope at 10,000 magnification. A 2 pm single
space and larger geometries are clearly seen to be com-
pletely opened.
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EXAMPLE 3
The top layer photoresisi has the following formula- w/w %
tion: Cresol novolac resin 14.7
5 4,4’-bis pyridyl ethylene dye 2.0
2,3,4-trihydroxyphenyl heptyl ketone-1,2-
w/wW % naphthoquinone-2-diazide-5-sulfonic acid
e r—— N I — EE—ES—  ———————— - trisester 3-7
Cresol novolac resin 12.6 Propylene glycol monomethyl ether acetate 79.6
Photosensitizer comprising the condensation
product of 2,3,4-trihydroxybenzophenone and 10

1,2-naphthoquinone-2-diazide-5-sulfonyl

chloride 4.1
AZ Thinner 79.3
Bispyridyl ethylene dye 4.0

The bottom layer photoresist has the following for-
mulation:

w/w %
Cresol novolac resin 23.0
2,3,4-trihydroxyphenyl undecyl ketone 1,2-
naphthoquinone-2-diazide-4-sulfonic acid triester 3.1
2,6-dimethylol p-cresol 1.3
Propylene glycol monomethyl ether acetate 72.6

~ Using the bottom layer photoresist, silicon wafers are

coated at 2000 rpm and then soft-baked in a vented
convection oven at 90° C. for 30 minutes. A broad band

flood exposure is applied using a Oriel model 8089 expo-

sure unit. The dosage is 10mJ/cm? as determined by an
OAl radiometer for wavelengths between 365 and
436nm. The coated wafers are post exposure baked in a
vented convection oven at 125° C. for 15 minutes. After
the wafers cool to room temperature, the top layer
photoresist 1s coated on the bottom layer photoresist at
3000 rpm and then soft-baked in a vented convection
oven at 90° C. for 30 minutes.

Actinic exposure is applied using the Perkin Elmer
220 Micralign aligner through a glass photomask con-
taining a resolution test pattern. The dosage is
250mJ/cm? as determined by an OAI radiometer for
wavelengths between 365 and 436nm.

After developing the exposed wafers in AZ 400K
Developer 1:3 dilution in an immersion mode for 60
seconds with slight agitation, the wafers are rinsed with
deionized water and spin dried. The wafers are now
examined using a scanning electron microscope at
10,000 magnification. A 2 um single space and larger
geometries are clearly seen to be completely open
through the top layer. The top image may now be used
as a portable conformable mask for imaging the bottom
layer. The actinic wavelength for the bottom layer
photoresist is 300-400nm. The wafers are flood exposed
using an Optical Applied Inc. deep UV model 29D with
a 310nm narrow band filter. The dosage is 300mJ/cm?
as determined by an OAI radiometer for wavelengths
centered at 310nm. The wafers are then developed in
AZ 312 MIF developer 2:1 dilution in an immersion
mode for 180 seconds with slight agitation. The wafers
are immediately rinsed with DI water and spm dried.
The wafers are again examined using a scanning elec-
tron microscope at 10,000 magnification. A 2um single
space and larger geometrles are clearly seen to be com-
pletely opened.

EXAMPLE 4

The top layer photoresist, disclosed in U.S. Pat. No.
4,588,670, has the following formulation:

15

20

25

30

33

435

50

33

65

The bottom layer of the photoresist has the following
formulation:

w/wW %
Cresol Novolac Resin 23.0
2,3,4-trithydroxy benzophenone 1,2 naphtho-
quinone-2-diazide-4-suifonic acid trisester 3.0
Cymel 325 resin 1.8
Propylene glycol monomethyl ether acetate 72.2

Using the bottom layer photoresist, silicon wafers are
coated at 2000 rpm and then soft-baked in a vented
convection oven at 90° C. for 30 minutes. The coated ~

wafers are baked again in a vented convection oven at -

100° C. for 10 minutes. After the wafers cool to room
temperature, the top layer photoresist is coated on the
bottom layer photoresist at 2000 rpm and then soft-
baked in a vented convection .oven.at 90°_C.. for 30
minutes.

Actinic exposure is applied using the Perkin Elmer
220 Micralign aligner through a glass photomask con-
taining a resolution test pattern. The dosage is
175m)/cm? as determined by an OAI radiometer for
wavelengths between 365 and 436nm.

After developing the exposed wafers in AZ 400K
Developer 1:3 dilution in an immersion mode for 70
seconds with slight agitation, the wafers are rinsed with
deionized water and spin dried. The wafers are now
examined using a scanning electron microscope at
10,000 magnification. A 2 um single space and larger
geometries are clearly seen to be completely open
through the top layer. The top image may now be used
as a portable conformable mask for imaging the bottom
layer. The actinic wavelength for the bottom layer
photoresist is 300-400nm. The wafers are flood exposed
using an Optical Applied Inc. deep UV model 29D with
a 310nm narrow band filter. The dosage is 150mJ/cm?2
as determined by an OAI radiometer for wavelengths
centered at 310nm. The wafers are then developed in
AZ 312 MIF Developer 2:1 dilution in an immersion
mode for 60 seconds with slight agitation. The wafers
are immediately rinsed with DI water and spln dried.
The wafers are again examined using a scanning elec-
tron microscope at 10,000 magnification. A 2 um single
space and larger geometries are clearly seen to be com-
pletely opened.

EXAMPLE 5

The top layer photoresist, disclosed in U.S. Pat. No.
4,588,670, has the following formulation:

w/w %
Cresol novolac resin 14.7
4,4’-bis pyridyl ethylene dye 2.0
2,3,4-trihydroxyphenyl heptyl ketone-1,2-
naphthoquinone-2-diazide-5-sulfonic acid
trisester | 3.7
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w/w %
Propylene glycol monomethyl ether acetate 79.6

The bottom layer of the photoresist has the iollowing
formulation:

o T Mo

Cresol Novolac Resin 23.0
2,3,4-trihydroxyphenyl octyl ketone 1,2-naphtho-

quinone-2-diazide-4-sulfonic acid trisester 3.0
Cymel 325 resin 1.8
Propylene glycol monomethyl ether acetate 72.2

Using the bottom layer photoresist, silicon wafers are
coated at 2000 rpm and then sofi-baked in a vented
flood exposure is applied using a Oriel model 8089 expo-
sure unit. The dosage is SmJ/cm? as determined by an
OCAIl radiometer for wavelengths between 365 and
436nm. The coated wafers are post exposure baked in a
vented convection oven at 100° C. for 10 minutes. After
the wafers cool to room temperature, the top layer
photoresist is coated on the bottom layer photoresist at
2000 rpm and then soft-baked in a vented convection
oven at 90° C. for 30 minutes.

Actinic exposure 1s applied using the Perkin Elmer
220 Micralign aligner through a glass photomask con-
taining a resolution test pattern. The dosage is
175m)/cm?2 as determined by an OAI radiometer for
wavelengths between 365 and 436nm.

After developing the exposed wafers in AZ 400K
Developer 1:3 dilution in an immersion mode for 70
seconds with slight agitation, the wafers are rinsed with
deionized water and spin dried. The wafers are now
examined using a scanning electron microscope at
10,000 magnification. A 2 um single space and larger
geometries are clearly seen to be completely open
through the top layer. The top image may now be used
as a portable conformable mask for imaging the bottom
layer. The actinic wavelength for the bottom layer
photoresist is 300-400nm. The wafers are flood exposed
using an Optical Applied Inc. deep UV model 29D with
a 310nm narrow band filter. The dosage is 200mJ/cm?
as determined by an OAI radiometer for wavelengths
centered at 310nm. The wafers are then developed in
AZ 312 MIF Developer 2:1 dilution in an immersion
mode for 5 minutes with slight agitation. The wafers are
immediately rinsed with DI water and spin dried. The
wafers are again examined using a scanning electron
microscope at 10,000 magnification. A 2 um single
space and larger geometries are clearly seen to be com-
pletely opened.

EXAMPLE 6

The top layer photoresist, disclosed in U.S. Pat. No.
4,588,670, has the following formulation:

w/w %
Cresol novolac resin 14.7
4,4'-bis pyridyl ethylene dye 2.0
2,3,4-trihydroxyphenyl heptyl ketone-1,2-
naphthoquinone-2-diazide-5-sulfonic acid
trisester 3.7
Propylene glycol monomethyl ether acetate 79.6
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The bottom layer of the photoresist has the following
formulation:

w/w %
Cresol Novolac Resin 23.0
2,3,4-trihydroxyphenyl nonyl ketone 1,2-naphtho-
quinone-2-diazide-4-sulfonic acid trisester 3.0
Cymel 325 resin 1.8
Propylene glycol monomethyl ether acetate 72.2

Using the bottom layer photoresist, silicon wafers are
coated at 2000 rpm and then soft-baked in a vented
convection oven at 90° C. for 30 minutes. A broad band
flood exposure 1s applied using a Oriel model 8089 expo-
sure unit. The dosage is SmJ/cm? as determined by an
OAIl radiometer for wavelengths between 365 and
436nm. The coated wafers are post exposure baked in a
vented convection oven at 100° C. for 10 minutes. After
the wafers cool to room temperature, the top layer
photoresist 1s coated on the bottom layer photoresist at
2000 rpm and then soft-baked in a vented convection
oven at 90° C. for 30 minutes. - o N

Actinic exposure i1s applied using the Perkin Elmer
220 Micralign aligner through a glass photomask con-
taining a resolution test pattern. The dosage is
175mJ/cm? as determined by an OAI radiometer for
wavelengths between 365 and 436nm.

After developing the exposed wafers in AZ 400K

Developer 1:3 dilution in an immersion mode for 70

seconds with slight agitation, the wafers are rinsed with
detonized water and spin dried. The wafers are now
examined using a scanning electron microscope at
10,000 magnification. A 2 um single space and larger
geometries are clearly seen to be completely open
through the top layer. The top image may now be used
as a portable conformable mask for imaging the bottom

layer. The actinic wavelength for the bottom layer
photoresist 1s 300-400nm. The wafers are flood exposed

using an Optical Applied Inc. deep UV model 29D with
a 310nm narrow band filter. The dosage is 270mJ/cm?
as determined by an QAI radiometer for wavelengths
centered at 310nm. The wafers are then developed in
AZ 312 MIF Developer 2:1 dilution in an immersion
mode for 60 seconds with slight agitation. The wafers
are immediately rinsed with DI water and spin dried.
The wafers are again examined using a scanning elec-
tron microscope at 10,000 magnification. A 2 um single
space and larger geometries ar clearly seen to be com-
pletely opened.

EXAMPLE 7

The top layer photoresist has the following formula-
tion: |

w/w %
Cresol Novolac Resin 15.7
Photosensitizer comprising the condensation
product of 2,3,4-trihydroxybenzophenone and
1,2-naphthoquinone-2-diazide-5-sulfonyl
chlonde 5.2
AZ Thinner 76.7
Bispyridyl ethylene dye 2.4

The bottom layer photoresist has the following for-
mulation:
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wW/W Y

Cresol novolac resin 23.1
Propylene glycol monomethyl ether acetate 72.0
Condensation product of 2,3,4-trihydroxy-
benzophenone with a 90/10 mixture
1,2-naphthoquinone-2-diazide-4-sulfonyl
chloride and 1,2-naphthoquinone-2-diazide-
S-sulfonyl chiloride 3.0
Dimethylol p-cresol 1.0
Macrolex yellow dye (Mobay Chemical Co.) 0.9

Using the bottom layer photoresist, silicon wafers are
coated at 2000 rpm and then soft-baked in a vented
convection oven at 90° C. for 30 minutes. A broad band
floor exposure is applied using a Oriel model 8089 expo-
sure unit. The dosage 1s 30mJ/cm2 as determined by an
OAI radiometer for wavelengths between 365 and
436nm. The coated wafers are post exposure baked in a
vented convection oven at 120° C. for 15 minutes. After
the wafers cool to room temperature, the top layer
photoresist is coated on the bottom layer photoresist at
2000 rpm and then soft-baked in a vented convection
oven at 90° C. for 30 minutes.

Actinic exposure is applied using the TRE G-Line
Stepper through a glass photomask containing a resolu-
tion test pattern. The dosage is 300mJ/cm?.

After developing the exposed wafers in AZ 400K
Developer 1:3 dilution in an immersion mode for 90
seconds with slight agitation, the wafers are rinsed with
deionized water and spin dried. The wafers are now
examined using a scanning electron microscope at
10,000 magnification. A 2 pm single space and larger
geometries are clearly seen to be completely open
through the top layer. The top image may now be used
as a portable conformable mask for imaging the boitom
layer. The actinic wavelength for the bottom layer
photoresist is 300-400nm. The wafers are flood exposed
using an Optical Applied Inc. deep UV model 29D with
a 310nm narrow band filter. The dosage is 120mJ/cm?2
as determined by an OAI radiometer for wavelengths
centered at 310nm. The wafers are then developed in
AZ 312 MIF developer diluted with water in a 5:1 ratio
in an immersion mode for 180 seconds with slight agita-
tion. The wafers are immediately rinsed with DI water
and spin dried. The wafers are again examined using a
scanning electron microscope at 10,000 magnification.
A 2 um single space and larger geometries are clearly
seen to be completely opened.

What is claimed is:

1. A process for preparing a positive photoresist
image using a portable conformable mask which con-
sists essentially of in order:

() forming a first photosensitive composition which

consists essentially of

(1) from about 1% to about 25% based on the
weight of the solid parts of the composition of a
photosensitive compound having the formula
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Rl=1, 2-benzoquinone-2-diazide-4-sulfonyl; 1,2-naph-
thoquinone-2-diazide-4-sulfonyl; or 1,2-anthraquinone-
2-diazide-4-sulfonyl

R:=R, R7, OR¢ or

O
|
C—Ry

R3 =H5 R‘?, OR6 or e e

9
|
C—R~y

R4=H, R+, OR¢ or

O
|
C—R~

Re¢=H, alkyl, aryl, aralkyl or R
R7=alkyl, aryl or aralkyl

(11) from about 75% to about 99% based on the
weight of the solid parts of the composition of a
novolak, and/or polyvinyl phenol resin; and

(11)) from about 0.5% to about 20% based on the
weight of the solid parts of said composition of a
crosslinking compound which, when in the pres-
ence of that amount and strength of the acid
generated when said diazide is exposed to actinic
radiation, is capable of crosslinking said resin
under the application of the heating conditions of
step (d); and |

(iv) sufficient solvent to dissolve the foregoin
composition components; and

(b) coating said first composition on a suitable sub-
strate; and

(c) heat treating said coated substrate at a tempera-
ture of from about 20° C. to about 100° C. until
enough of said solvent is dried off to render it non-
tacky; and

{d) non-imagewise exposing said composition overall
to sufficient actinic ultraviolet radiation and suffi-
cient heat to partially cross-link said composition
while substantially retaining its photosensitivity;
and

(e) coating said first photosensitive composition di-
rectly with a second photosensitive composition
comprising an o-quinone diazied, a dye which ab-
sorbs at the exposure wavelength of step (g) such
that transmission through the second photosensi-
tive composition at step (g) is about 1% or less, and
a novolak and/or polyvinyl phenol resin, wherein
said first photosensitive composition and said sec-
ond photosensitive composition are reactive to
ultraviolet radiation at substantially different wave-
lengths; and,

(f) imagewise exposing said second photosensitive
composition to actinic ultraviolet radiation and
developing with an aqueous alkaline solution to
form an image mask; and o -

(g) exposing said first photosensitive composition to
actinic ultraviolet radiation at a wavelength differ-
ent from step (f) through said image mask and
developing with an aqueous alkaline solution to
remove the exposed portion of said first photosen-
sitive composition.
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2. The process of claim 1 wherein the photosensitizer
in said first photosensitive composition is 2, 3, 4-trihy-
droxybenzophenone-1, 2-naphthoquinone-2-diazide-4-
sulfonic acid trisester.

3. The process of claim 1 wherein said crosslinker is
dimethylol paracresol.

4. The process of claim 1 wherein said crosslinker is
methyl methoxy diphenyl ether.

S. The process of claim 1 wherein said crosslinker is
an melamine formaldehyde compound or any of its
alkylated analogues.

6. The process of claim 1 wherein said crosslinker is
a resole resin or an epoxy cresol novolak resin.

7. The process of claim 1 wherein said solvent in said
first photosensitive composition comprises propylene
glycol alkyl ether acetate.

8. The process of claim 1 wherein said substrate is
selected from the group consisting of silicon, aluminum
or polymeric resins, silicon dioxide, doped silicon diox-
ide, silicon nitride, tantalum, copper, polysilicon, ce-
ramics and aluminum/copper mixtures.

9. The process of claim 1 wherein each of said first
and saild second photosensitive compositions further
comprises one or more compounds selected from the
group consisting of colorants, dyes, anti-striation
agents, solvents, leveling agents, plasticizers, adhesion
promoters, speed enhancers, and surfactants.

10. The process of claim 1 wherein said developer is
an aqueous alkaline solution.

11. The process of claim 10 wherein said developer
comprises sodium hydroxide and/or tetramethylammo-
nium hydroxide.

12. The process of claim 1 wherein said resin is a
novolak, said crosslinker comprises dimethylol paracre-
sol, said exposure of step (d) is from about SmJ/cm? to
about 40mJ/cm? and said heat treatment of step (d) is
conducted at a temperature of from about 90° C. to
about 160° C.,7and said developer comprises an aqueous
solution of sodium hydroxide and/or tetramethyl am-
monium hydroxide.

13. The process of claim 2 wherein said resin is a
novolak, said crosslinker comprises dimethylol paracre-
sol, said exposure of step (d) is from about SmJ/cm? to
about 40mJ/cm? and said heat treatment of step (d) is
conducted at a temperature of from about 90° C. to
about 160° C., and said developer comprises an aqueous
solution of sodium hydroxide and/or tetramethyl am-
monium hydroxide.

14. A process of claim 1 wherein said composition in
step (d) is not exposed to actinic radiation.

15. A process for preparing a positive working-
photographic element which comprises in order:

(a) forming a first photosensitive composition which

comprises

(1) from about 1% to about 25% based on the
weight of the solid parts of the composition of a
photosensitive compound represented by the
general formulae (1), (2) or (3):

wherein R 1s H, —X—R or
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Rg
R,
-—X
Rq
Rg
X is a single C—C bond, —O—, —S—,
—SOy)—, o

O 0 0
I | I
—C-=, =C—(CH)p—, —CH—C—(CHy),—,

O O
| |
~=C—0—, =C=~0—(CHa),—,
i
==CH3>=C=0=—(CH3),—, ~(CH2),—, or
I

CH3'==(I3=CH3,

nis 1 or 2, Ryis H, —OH, —0Y, —OZ, halogen
or lower alkyl, with at least one R, radical being
~-Q0Y and at least one thereof being —OZ, Ry is
H, alkyl, aryl, substituted alkyl, or substituted

aryl;

(2)

R.1s H, —OH, —OY or —0QZ, with at least one
R, radical being —OY and at least one thereof
being —OZ; and

(3)

wherein R is H, alkyl, aryl, substituted alkyl, or
substituted aryl, Rg is —OH, —OY or —OZ
with at least one Ry radical being —OY and at
least one thereof being —OZ;
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wherein Y is 1, 2-naphthoquinonediazide-4-sul-
fonyl and Z 1s 1,2-naphthoquinone-diazide-5-sul-
fonyl or an organic acid halide represented by
the formula "W-—R3, where W is

O
|
=-=.C—

or —S0O3—, and Rj is alkyl, aryl, substituted alkyl or
substituted aryl wherein the amount of diazo and/or
organic acid reacted with said phenolic compound
being sufficient to produce a photosensitizer composi-
tion capable of inhibiting the dissolution rate of an alkali
soluable resin in alkaline developing solution;

(11) from about 75% to about 99% based on the
weight of the solid parts of the composition of a
novolak, and/or polyvinyl phenol resin; and

(1i) from about 0.5% to about 20% based on the
weight of the solid parts of said composition of a
crosslinking compound which, when in the pres-
ence of that amount and strength of the acid
generated when said diazide is exposed actinic
radiation, is capable of crosslinking said resin
under the application of the heating conditions of
step (d); and

(1v) sufficient solvent to dissolve the foregoing
composition components; and

(b) coating said first composition on a suitable sub-
sirate; and

(c) heat treating said coated substrate at a temperate
of from about 20° C. to about 100° C. until enough
of said solvent is dried off to render it non-tacky:
and |

(d) non-imagewise exposing said composition overall
to sufficient actinic ultraviolet radiation and suffi-
cient heat to partially cross-link said composition
while substantially retaining its photosensitivity:
and =

(e) coating said first photosensitive composition di-
rectly with a second photosensitive composition
comprising an o-quinone diazide, a dve which ab-
sorbs at the exposure wavelength of step (g) such
that transmission through the second photosensi-
tive composition at step (g) is about 1% or less, and
a novolak and/or polyvinyl phenol resin, wherein
said first photosensitive composition and said sec-
ond photosensitive composition are reactive to
ultraviolet radiation at substantially different wave-
lengths: and,

(f) imagewise exposing said second photosensitive
composition to actinic ultraviolet radiation and
developing with an aqueous alkaline solution to
form an image mask; and

(g) exposing said first photosensitive composition to
actinic ultraviolet radiation at a wavelength differ-
ent from step (f) through said image mask and
developing with an aquecus alkaline solution to
remove the exposed portion of said first photosens-
tive composition.

16. A process for preparing a positive photoresist
image using a portable conformable mask which con-
sists essentially of in order:

(a) forming a first photosensitive composition which

consists essentially of

(1) from about 1% to about 25% based on the
weight of the solid parts of the composition of a
component comprising the condensation prod-
uct of:
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(I) a phenolic compound selected from the group con-
sisting of:
R (A)
Rg
R
R,
R,

Rqis H, —OH, halogen or lower alkyl, with at least

iwo and not greater than six R, radicals being —OH,
X 1s a single C—C bond, —O—, —S—, —S0O>’,

O O O
| | |

==, =C=~(CH3)p—, —=CH;~=C—(CH)),;~, —C—0—,

0
|

O o
I |

=L=0=(CH3)~, —CH)—C-—0—(CH3),—,

|
=—(CH})=—, or CH3—~C—CH3,

nis 1 or 2, Rpis H, alkyl, aryl, substituted alkyl or
substituted aryl;

(B)

wherein Rjis H or

R.is H or —OH with at least two Rc radicals being
—OH:; and
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ence of that amount and strength of the acid
(C) generated when said diazide is exposed to actinic
radiation, 1s capable of crosslinking said resin
under the application of the heating conditions of

J step (d); and
(iv) sufficient solvent to dissolve the foregoing
composition components; and
(b) coating said first composition on a suitable sub-
0 strate; and

wherein Ry is H, alkyl, aryl, substituted alkyl, or
substituted aryl;

(I1) a 1, 2-naphthoquinonediazide-4-sulfonic acid (diazo
1); and

(II1) a 1,2-naphthoquinonediazide-5-sulfonic acid {5
(Diazo 2) and/or an organic acid halide represented
by the formula:

W—R3
. . 20
wherein W 18
O
|
=C=V
25

or —S0U»—V, V is halogen, Rj3 is alkyl, aryl, substi-
tuted alkyl or substituted aryl and the amount of
diazo and/or organic acid reacted with said phenolic
compound being sufficient to produce a photosensi-
tizer composition capable of inhibiting the dissolution 30
rate of an alkali soluble resin 1n alkaline developing
solution;
wherein the molar ratio of the amount of Diazo 1
reacted to the amount of Diazo 2 and/or organic acid
reacted is in the range of from about 1:1 to about 39:1; 39
(1) from about 75% to about 999% based on the
weight of the solid parts of the composition of a
novolak, and/or polyvinyl phenol resin; and
(111) from about 0.5% tc about 20% based on the
weight of the solid parts of said composition of a %0
crosslinking compound which, when in the pres-

45

30

93

65

{(c) heat treating said coated substrate at a tempera-
ture of from about 20° C. to about 100° C. until
enough of said solvent is dried off to render it non-
tacky; and |

(d) non-imagewise exposing said composition overall
to sufficient actinic ultraviolet radiation and suffi-
cient heat to partially cross-link said composition
while substantially retaining its photosensitivity;
and

(e) coating said first photosensitive composition di-
rectly with a second photosenstive composition
comprising an o-quinone diazide, a dye which ab-
sorbs at the exposure wavelength of step (g) such
that transmission through the second photosensi-
tive composition at step (g) is about 1% or less, and
a novolak and/or polyvinyl phenol resin, wherein
said first photosensitive composition and said sec-
ond photosenstive composition are reactive to ul-
traviolet radiation at substantially different wave-
lengths; and,

(i) imagewise exposing said second photosensitive
composition to actinic ultraviolet radiation and
developing with an aqueous alkaline solution to
form an image mask; and

(g) exposing said first photosensitive composition to
actinic ultraviolet radiation at a wavelength differ-
ent from step (f) through said image mask and
developing with an aqueous alkaline solution to
remove the exposed portion of said first photosen-

sitive composition.
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